Abstract
Introduction
Most economies (developed and developing) of the world have experienced high real exchange rate volatility, which translates into high degree of uncertainty in the attainment of major macroeconomics and monetary policy objectives in the area of price stability and economic growth. Volatile real exchange rates are associated with unpredictable movements in the relative prices in the economy. Hence, exchange rate stability is one of the main factors influencing foreign (direct and portfolio) investments, price stability and stable economic growth.
Ever since the breakdown of the Bretton-Woods system in 1973, the exchange rates of many countries have been fluctuating considerably overtime, and there has been more interest in predicting exchange rates.
Research related to exchange rate management still remains an area of interest to economists and finance experts, especially in developing countries, despite a relatively enormous body of literature in this area. This is largely because the exchange rate is not only an important relative price of one currency in term of other that connects domestic and world markets for goods and assets, but it also signals the competitiveness of a country's exchange power with the rest of the world in a global market. Besides, it also serves as an anchor which supports sustainable macroeconomic balances in the longrun. There is, therefore, no simple answer to what determine the equilibrium real exchange rate, and estimating the degree of exchange rate volatility and misalignment remains one of the most challenging empirical problems in macroeconomics (Williamson, 1994) .
The effect of real exchange rate misalignment on economic decisions has received considerable attention in the literature, not only because of its significant impact on other macroeconomics variables, but also because there has been a number of significant developments in recent time, with substantial contributions being made to both the theory and empirical understanding of exchange rate determination. Important developments in econometrics, together with the increasing availability of high quality data, have also stimulated a large output of empirical work on exchange rate (Botha and Pretorius, 2009 ).
Exchange rate has traditionally played a crucial role in Nigerian monetary policy because of its crucial impact on the country trade relation with other countries, first, as a mono-product (oil) export dependent economy and second, as an import dependent (developing) nation; besides the country's competitiveness and overall economic growth. Therefore, the monetary authorities (Central Bank of Nigeria) on several occasions in recent past had engaged in different exchange rate adjustment policies (fixed and flexible) for the main purpose of attaining the macro-economic objective of price stability. However, in line with major industrial economies, greater flexibility of the exchange rate is much needed to allow the real exchange rate to converge easily with its equilibrium level and to contain the real shocks associated with the transition to a market economy and the depletion of oil production, which is considered to be the main source of external and government revenues.
The fundamental difficulty is that the equilibrium value of the exchange rate is not observable. While the exchange rate volatility refers to a situation in which a country's actual exchange rate deviates from such an unobservable equilibrium, an exchange rate is said to be "undervalued" when it depreciates more than its equilibrium, and "overvalued" when it appreciates more than its equilibrium (Aliyu, 2008) . The issue is, unless the "equilibrium" is explicitly specified, the concept of exchange rate volatility remains subjective. There is growing agreement in the literature that prolonged and substantial exchange rate volatility can create severe macroeconomic disequilibria and the correction of external balance will require both exchange rate devaluation and demand management policies. The main intuition behind this is that an increase in exchange rate volatility leads to uncertainty which might have a negative impact on trade flows. Baldwin, Skudelny and Taglioni (2005) discover that effect of exchange rate volatility on trade in the European Union (EU) countries is negative; trade increases as volatility falls and gets progressively larger as volatility approaches zero. While numerous studies were conducted on the extent of naira exchange rate volatility impact on foreign trade in Nigeria (Soludo and Adenikinju, 1997; Obaseki, 2001 and Aliyu, 2008) , this study takes a departure from these previous studies by quantitatively measuring the determinants of real exchange rate volatility in Nigeria from 1981 to 2014 and also identify which variable(s) have the most significant influence on exchange rate volatility in Nigeria during the period under study.
Literature Review
Currency, like any traded goods, has a price. This price can undergo dramatic changes over a short period of time, as was the case for the Thai baht, which lost 56% of its value in about six months during the Asian financial crisis in 1997. Alternatively a country's currency may remain stable relative to other currencies over a long period. The explanations for sudden extreme currency volatility or prolonged stability are not always so esoteric. However, an understanding of the factors influencing exchange rate daily is more difficult to come by. The foreign exchange market, with roughly 200 participating countries and US $2 trillion in daily turnover is far too complex to be described neatly by a set of theories or formulas (Federal Reserves, 2005) . Underscoring the evasiveness of the foreign exchange market, Former U.S. Federal Reserve Board Chairman Alan Greespan once said, "there may be more forecasting of exchange rates with less success than almost any other economic variable."
For decades, the Purchasing Power Parity (PPP) hypothesis has remained a focal point of policy discussions, models and empirical work. the hypothesis postulates an underlying tendency for changes in the nominal exchange rate to be fully offset (at least after some period of time) by changes in the ratio of foreign to domestic price levels. Therefore, even if PPP does not hold at all times, any deviations from it should be eliminated eventually, thus implying that the real exchange rate should be mean-reverting (Gelbard and Nagayasu, 2004) . Empirical studies have produced little evidence in favour of this hypothesis, and in those that supported it, the speed of convergence of the actual exchange rate to its PPP level has been found to be very low, with half-lives of three years or more (Phylaktis and Kassimatis, 1994; Macdonald, 1995) . Such slow convergence has been attributed to nominal price rigidities, either related to price-wage stickiness or to market segmentation and pricing to market policies. A well known blend of PPP with the monetary model contends that, since nominal rigidities prevent a quick adjustment of prices and wages in goods markets, monetary innovations are the cause of the temporary deviations from PPP (Dornbusch, 1976) . This view, however, which implies that there should be minimal persistence in the real exchange rate (i.e. it could not follow a random walk), is supported mainly by the analysis of high-inflation episodes, where movements in prices appear to dominate other factors that could lead to deviations from PPP (Zhou, 1997) .
There are many factors contributing to real exchange rate volatility. Among these factors are: the level of output, inflation, the openness of an economy, interest rates, domestic and foreign money supply, the exchange rate regime and central bank independence (Stancik, 2007) . The degree of the impact of each of these factors varies and depends on a particular country's economic condition. Thus, the countries that are in the transition process (such as Nigeria) are more vulnerable to being affected by these factors, which in turn affect the monetary policy decisions. In a different line of research, attempts were made to model and test for deviation from PPP, as a more permanent phenomenon, by highlighting those real exchange rate movements might be caused by changes on the real side of the economy (Neary, 1988) . These models vary depending on the factors that are considered to affect the behaviour of the real exchange rate. Models based on productivity differentials were highlighted by Balasa (1994) and Obstfeld (1993) , while Chinn and Johnston (1996) analysed the effect of real interest rate differentials and demand shocks respectively. Exogenous changes in terms of trade have also been found to play an important role in determining the real exchange rate behaviour (Edwards, 1994; Ostry 1988) . Recently, Juthathip (2009) results for developing Asia showed that real exchange rate is determined by the five key fundamental variables that are medium to long run fundamentals. Productivity differentials, openness, terms of trade, net foreign assets, and government spending. Other variables such as output gap may be included in some countries where such factors play an important role in determining real exchange rate. Moreover, it can be argued that real exchange rates in developing or rapidly transforming countries are likely to be particularly dependent on these real shocks, and that the extent to which different shocks affect the behaviour of the real exchange rate depends on country-specific factors.
In this respect, there is a consensus on the fact that real exchange rate behaviour at medium to long time horizons can at least be partly explained by fundamentals. Ricci, Ferretti and Lee (2008) introduce the Fundamental Equilibrium Exchange Rate (FEER) which considers one of the most broadly used concepts in determining equilibrium real exchange rate. The FEER is defined as the real exchange rate that simultaneously achieves internal and external balances. Internal balance is reached when the economy is at full employment output and operating in a low inflation environment. External balance is characterized as a sustainable balance of payments position over the medium term ensuring desired net flows of resources and external debt sustainability. The FEER tends to abstract from the short-run cyclical and speculative forces in the foreign exchange market.
Exchange Rate Policy in Nigeria
The most important themes that emerge in the discussion of exchange rates and their management in Nigeria include the high volatility, real exchange rate overvaluation albeit in the context of continuous nominal depreciation, and the search for mechanism for market-determined rate where government is the dominant supplier of foreign exchange. Exchange rate stability is one of the goals of monetary policy in Nigeria, and over the years exchange rate policy has been driven mostly by an obsession to keep the nominal exchange rate 'stable'. For the general public, the health of the economy is gauged by the nominal exchange rate where a depreciating rate is synonymous with a weakening economy. Table 1 presents some selected exchange rate indices and highlights the extent of distortions in the exchange rate regimes. Another key feature of the exchange regime is the huge premium which indicates the extent of distortions in the market. This has been due to the fixed regime until the mid 1980s, the managed float of the SAP era, the refixing of the official rate during the Abacha regime (1994) (1995) (1996) (1997) (1998) and thus the large disparity between the official and the parallel (free) market rates. Given the huge demand for foreign exchange for imports and sundry reasons, and also the fact that forex at the official rate was rightly regulated with strict documentation requirements, the parallel market boomed (Soludo, 2008) .
Real exchange rate (RER) volatility is another feature of the regime. The standard deviation in real exchange rate growth for 1961-70 was 4 per cent. For the period 1991-2000 -a period of greater liberalization, the standard deviation was 35 per cent, with Nigeria having one of the most volatile RER regimes among developing countries. The RER was more stable during the fixed nominal exchange rate regime , and wide volatility started with the emergence of major oil earnings and fiscal imprudence, surging domestic price inflation, and futile efforts to manage the nominal exchange rate.RER uncertainty (proxied by volatility) is of major concern because it inhibits private sector investment. A critical issue faced by policymakers is how to avoid RER overvaluation and exchange rate premia through a market determined nominal exchange rate regime, especially where the government is the major supplier of foreign exchange. The Central Bank has tried all manner of experiments in determining the official nominal rate which is essentially a managed float. Between 1999 and 2001, the CBN reverted to the pre-reform system of selling foreign exchange in the interbank foreign exchange market (IFEM) at a predetermined rate, and the interbank market split into the IFEM and the open inter-bank market where banks traded among themselves at freely negotiated exchange rates (the NIFEX). The Bureau de Change and the parallel market for foreign exchange constitute the free markets -where no documentations are required for transactions in foreign exchange. In 2000, the exchange rate depreciated in all markets. At the IFEM, the Naira depreciated on the average by 6.5 per cent to N101.65 to one US$. This was caused principally by a significant increase in importdriven demand for foreign exchange following the increased government expenditures: total demand for foreign exchange at the IFEM during the year was $6.9 billion compared with $4.9 billion in 1999. The parallel market depreciated by 30 percent between December 1999 and May 2001, and the differential with the IFEM rate widened to 20 percent. Following the excess liquidity triggered off by fiscal expansion, a foreign exchange 'crisis' emerged in April 2001 when the CBN made a small adjustment of the IFEM rate before it had effectively mopped up the excess liquidity. The government sold large amounts of foreign exchange to deal with the crisis thereby depleting foreign reserves. As a consequence of this measure and other tighter monetary policy measures, the parallel market exchange rate appreciated from N140 to an average of N133 throughout the remainder of 2001, with the gap between the official and parallel market rates at 21 percent. In 2002, the Central Bank reintroduced the Dutch Auction System (DAS) a system which had been tried at the introduction of SAP in the mid 1980s but which later collapsed. Since the current civilian government abolished the fixed (nominal) exchange rate of the Abacha era, the premium between the parallel and the official rates fell sharply from 28.98 per cent to only 9.83 per cent. With the introduction of the DAS, the premium has further reduced to about 7.8 per cent. This is still high compared to the rates in many other developing countries where they are below 2 per cent. Hopefully, the DAS (if allowed to stay and work properly) could significantly reduce or eliminate the exchange rate premium. But the obsession with the stability of the nominal exchange rate by policymakers is a possible constraint in allowing the rate to find its true market value (Soludo, 2008) .
Based on the recent developments in exchange rate policy in Nigeria, the average rate of the naira to US appreciated with an average rate of #128 to a dollar at Dutch Auction System (DAS) in 2006. Exchange rate was generally stable from 2006 until December 2008. Stability and mild appreciation was sustained throughout 2007 and most of 2008 due to large foreign exchange inflows and deliberate policy not to allow rates to appreciate massively, thereby accumulating huge reserves. For the first time there was a convergence of rate among various segments of the foreign exchange market. The exchange rate regime will continue to be a key shock absorber for the economy to keep internal and external balance (Soludo, 2008) .
Data and Methodology

Data and the Explanatory Variables:
The following key variables have been found to play a theoretical key role in explaining the movement of real exchange rate. These determinants variables vary between economies according to economic and financial conditions of each economy. 
Empirical Design (a)
Volatility Estimate This study focused on the determinants of real exchange rate volatility in Nigeria. The frequency of data is kept at annual level with the time scope taken from 1981 to 2008. Having generated the real exchange rate from the nominal exchange rate, we derived the real exchange rate volatility (REXRVOL) with the aid of the Generalised Autogressive Conditional heteroskedasticity (GARCH 1, 1) which belong to the family of ARCH 'as introduced by Engle (1982) and Bollerslev (1986 
Which says that the conditional variance ( 2 ) of  at time t depends not only on the squared error term in the previous time period (as in ARCH (1)) but also on its conditional variance in the previous time period.
(b) Stationarity Test:
Since the data used in this study are time series, there is need to check the stationarity of the data. The stationarity properties of our data was checked using the Augmented Dickey Fuller (ADF) test (Dickey and Fuller 1979, 1981) and the Phillips Perron (PP) test (Phillips and Perron, 1988) . The general form of these tests is estimated in the following forms:
Where, Y t represents time series to be tested, b 0 is the intercept term,  is the coefficient of interest in the unit root test,  is the parameter of the augmented lagged first difference of Y t to represent the pth order autoregressive process and et is the white noise error term.
(c)
Cointegration Analysis: In order to solve the spurious regression problem and violation of the assumptions of the classical regression model; cointegration analysis is used to examine the longrun relationship between real exchange rate volatility (REXRVOL) and its various determinants. As part of the empirical design the basic estimating equation is specified as follows:
Where REXRVOL is the Real Exchange rate volatility, GEXP is the government expenditure, MS is money supply, OPN is the openness of the economy, PROD is the productivity index, REXR is the Real exchange rate, RINTR is the Real interest rate while et is the stochastic error term. To test for cointegration in order to know the disequilibrium error, equation (iii) is rewritten as:
The presence of cointegration was tested using the Engle and Granger (1987) single test approach. The order of integration of the estimated residual, et is tested and if there is a cointegrating regression, then the disequilibrium errors in equation (iv) form a stationary time series, and have a zero mean, the et should be stationary, I(0) with E(et) = 0. The longrun equilibrium may be rarely observed but there is a tendency to move towards equilibrium. Thus, Error Correction Model is used to represent the longrun (static) and short run (dynamic) relationships between REXRVOL and other variables. Accordingly, Error Correction Model (ECM) is suitable to estimate the effect of determinant variables on REXRVOL. Thus, equation (v) represents Error Correction Model. Besides, the purpose of ECM model is to indicate the speed of adjustment from the short run equilibrium to the long run equilibrium state. The greater the coefficient of the parameter, the higher the speed of adjustment of the model from short runs to long run. Considering our base equation (iii), the ECM model is specified as follows: Thus, equation (v) represents the error correction model 
Where t is the error term, ECM (-1) is the error correction term, captures the long run impact. The short run effects are captured through the individual coefficients of the differenced terms () while the coefficient of the ECM variable contains information about whether the past values of variables affect the current values. The size and statistical significance of the coefficient of the ECM measure the tendency of each variable to return to the equilibrium. A significant coefficient implies that past equilibrium errors play a role in determining the current outcomes.
Results and Findings
Since the application of cointergration technique requires that all the variables should be integrated of the same order, we start the analysis by examining the unit root properties of the variables. The result of both methods (ADF and PP tests) as shown in Table 3 shows that GEXP, MS and PROD are stationary at level under both methods while OPN, REXR and RINTR are non-stationary at level under both methods. As a result, all the variables have been differenced once to check their stationarity. At first differencing the calculated ADF and PP test statistics clearly reject the null hypothesis of unit root when compared with their corresponding critical values hence the ADF and PP tests decisively confirm stationarity of each variable at first difference and depict the same order of integration I (1) behaviour. Thus we can apply Engle and Granger single test cointegration approach to examine the long run relationship among the variables. Co-integration Test: The co-integration test results are given in Table 4 . Using the Engle and Granger (1987) two stage techniques, the co-integration results reveal that the residuals from the regression result are stationary at 1%level of significant. This implies that Government Expenditure (GEXP), Money Supply (MS), Openness of the economy (OPN), Productivity (PROD), Real exchange rate (REXR), and Real Interest rate (RINTR) are co-integrated with Real Exchange Rate Volatility (REXRVOL) from 1981 to 2014. This indicates that there exists a longrun and stable relationship between the dependent and independent variables. This finding also reveals that any short run deviation in this relationship would return to equilibrium in the long run. Error Correction Model: The main output from ECM estimation is as shown in Table 5 ; the error correction model indicates the degree of adjustments in which the dependent variable adjusts to changes in the independent variables. The results show a well-defined error correction term [ECM (-1)] with an expected negative coefficient value of -0.855155 which indicates that about 85.5% of the previous periods disequilibrium in Real Exchange Rate Volatility (REXRVOL) is corrected in the long-run. The statistical significance of the ECM at 1% supports our earlier assertion of cointegrated relationship among the variables while the adjusted coefficients of determination (Adj. ) value of 0.846 reveals that about 84.6% of the systematic variations in the dependent variable (REXRVOL) is jointly explained by the independent variables all taken together, this further indicates that only about 15% of such systematic variations are not accounted for by these independent variables during the period under consideration. The F-statistics value of 9.98 which is also significant at 1% indicates the existence of statistically significant linear relationships among the variables analysed while the DW statistics of 2.19 is within the acceptable range.
An examination of the coefficients and statistical significant of the variables analysed reveal a varying degree of relationships between the dependent and explanatory variables. In the short run, only Government expenditure (DGEXP) and one period lag Real exchange rate [DREXR(-1)] had positive and significant influence on Real exchange rate volatility (REXRVOL) while Money supply (DMS), Openness of the economy (DOPN) and Real interest rate (DRINTR) all have significant negative relationships with REXRVOL in the short run. In the long run, only GEXP and REXR have significant positive influence on REXRVOL. Among all the explanatory variables, Productivity Index (DPROD) is found to be statistically insignificant determinant of REXRVOL so in explaining the shocks of real exchange rate volatility in Nigeria, the indices of the productive sectors cannot be considered relevant in terms of magnitude and directions during the period covered by this study, this may be attributed to the import dependent nature of the Nigeria economy which almost paralyzed the activities of the manufacturing sector during the period under consideration. 
Conclusion
Exchange rate shocks and instability is a common feature of emerging economies especially the import dependent one like Nigeria, this is because there will always be an increasing demand for foreign currencies in exchange for imported goods by the teeming populace. It is in this perspective that this paper examined the determinants of real exchange rate volatility in Nigeria using the Generalised Autoregressive Conditional Heteroskedasticity (GARCH) and Error Correction Model. Based on the extant literatures, we identify relevant variables that influence real exchange rate volatility (Government Expenditure, Money Supply, Real interest rate, productivity index and openness of the economy), which we include in our model estimation.
The empirical results of the cointegration analysis shows that there is long run equilibrium relationship among the variables, while our error correction model coefficients from the estimated short run dynamic model showed reasonable speed of adjustment towards the long run equilibrium. Analyzing the direction and magnitude of the explanatory variable coefficients, we observed that government expenditure, money supply, openness of the economy, real exchange rate and real interest rate are significant determinants of real exchange rate volatility during the period 1981-2014, though they all have different magnitude of influence on the volatility of exchange rate. While productivity index has no significant influence on real exchange rate volatility during this period. These findings is partly consistent with the findings of Aliyu (2008); and Al-Samara (2009) who investigated the determinant of exchange rate volatility in Nigeria and Syrian economy respectively.
The strive by central monetary authority to ensure a stable exchange rate regime and policy will continue to exist as there continue to be openness of Nigerian economy to foreign trade especially as an import dependent economy. Therefore this paper recommends that the monetary authority should institute a policy that will ensure the limit within which exchange rate can fluctuate within a given time period. Besides, the government should exercise direct control of viable macroeconomic variables (inflation rate, interest rate and GDP) which have direct influence on exchange rate. Success in this regard will further limit the fluctuation of exchange rate in the economy.
